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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] _ 
[Claim 1] (a) Phase of making a probe adhering to the front face of a sensor substrate (b) The tront tace ot 
said sensor substrate, and the phase which supplies the sample which contains a target in the sample 
substrate which counters parallel, (c) The phase of adjusting spacing of said sensor substrate and said 
sample substrate according to the magnitude of said probe target complex, (d) Phase of making the probe 
adhering to said sensor substrate reacting with the target contained in said sample (e) The joint detection 
approach between complementary molecules including the phase which measures change of the shearing 
stress of the front face of said sensor substrate before and behind said reaction. 
[Claim 2] Change of said shearing stress is the joint detection approach between the complementary 
molecules according to claim 1 characterized by obtaining by measuring the phase change of vibrational 
motion, and force change. 

[Claim 3] Spacing of said sensor substrate and said sample substrate is the joint detection approach between 
the complementary molecules according to claim 1 characterized by being determined by measuring change 
of the repulsive force between said sensor substrate when narrowing the spacing concerned, and said sample 
substrate, and being adjusted according to the magnitude of probe target complex. 
[Claim 4] Said probe is the joint detection approach between the complementary molecules according to 
claim 1 characterized by being a nucleic acid, protein, cofactor, oligosaccharide, or a cell. 
[Claim 5] (a) With the signal input part which generates vibration (b) With the signal output part delayed in 
the vibration from said signal input part (c) The sensor substrate which connects said signal input part and 
said signal output part, (d) The front face of said sensor substrate, and sample substrate which counters 
parallel (e) The spacing controller which adjusts spacing of said sensor substrate and said sample substrate, 
(f) Shearing stress measurement sensor characterized by including the signal detecting element which 
measures the phase change of the vibrational motion between said signal input parts and said signal output 
parts, and force change. 

[Claim 6] The vibrational motion between said signal input parts and said signal output parts is a shearing 
stress measurement sensor according to claim 5 characterized by being induced by the piezo-electric effect 
(electrical potential difference), electrostatic induction (capacity), electromagnetic induction (current), or the 
thermal-expansion phenomenon (volume). 

[Claim 7] The sensor substrate which connects said signal input part, said signal output part, and these is a 
shearing stress measurement sensor according to claim 5 characterized by carrying out two or more unit 
array of these as one unit. 

[Claim 8] Said spacing controller is a shearing stress measurement sensor according to claim 5 characterized 
by including the electrostatic-capacity measuring device which measures the electrostatic capacity between 
said sensor substrates and said sample substrates. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach and sensor which are applied to the shearing 
stress measurement sensor used for the joint detection approach between complementary molecules, and its 
approach, especially detect association with a probe and a target in a biochip. 
[0002] 

[Description of the Prior Art] A gene expression pattern, a defect, the distribution of protein, the reaction 
pattern, etc. which a biochip is a chip to which probes which it is going to analyze, such as DNA and 
protein, were made to adhere in high density on a substrate, and is a target in a sample can be analyzed'. A 
biochip is divided into the microarray chip made to adhere on a solid-state substrate, and the love-on chip 
(lab-on-a-chip) made to adhere on a detailed channel by the adhesion gestalt of a probe. Moreover, it is 
divided into a DNA chip or a protein chip by the class of probe. In order to judge whether a probe and a 
combinable target exist in a sample, the system which can detect association with the probe and target which 
were fixed on the substrate is required of such a biochip. 

[0003] After carrying out label attachment of the fluorescent material by the DNA chip for gene analysis at 
Sample DNA and making it react with the probe on a chip as an approach of detecting association with a 
probe and a target, there is a method of detecting the fluorescent material which remained in the chip front 
face using the confocal microscope or the CCD camera (for example, patent reference 1 reference.). 
However, the inverter with which such an optical detection approach digitizes an electrical signal since the 
output by which the miniaturization of a system was difficult and it was digitized directly is not obtained is 
needed. 

[0004] Moreover, there is a method of detecting mixture-ization (hybridization) of DNA electrochemically, 
using metallic compounds with easy oxidation/reduction as other approaches (for example, the patent 
reference 2, 3 reference.). This approach detects this electrochemically paying attention to both other 
compounds with which oxidation/reduction contains an easy metal constituting a complex, when DNA is 
mixture-ized (for example, one to nonpatent literature 4 reference.). However, separate label attachment is 
required also for this electrochemical approach. 

[0005] In addition, the research on the approach of detecting association with a probe and a target, without 
using a following fluorescent material and any of other following labels is advancing actively. How to 
measure the mass difference before and behind association using Xtal micro balance (Crystal Microbalance) 
to one of them for example, nonpatent literature 5 reference - in addition - being alike - the approach (for 
example, nonpatent literature 6 and patent reference 4 reference --) of analyzing using a matrix auxiliary 
laser adion-ized (MALDI) mass-spectrometry method It is and there is also the approach of measuring the 
bonding strength between the molecules before and behind association with a DNA probe and a target to 1 
base difference using the cantilever of the mechanical sensor type by which detailed assembly was carried 
out in others further (for example, nonpatent literature 7, 8 reference.). However, in this case, in order to 
have to measure refraction of a cantilever beam to a precision very much, expensive separate equipment of 
laser etc. is needed. 

[0006] Therefore, conventionally, separate label attachment is unnecessary, and can obtain directly by 
making a detection result into an electric signal, and development of the new joint detection approach of a 
sensitive and efficient probe with expensive separate unnecessary equipment like laser is called for. 
[0007] 

[Patent reference 1] U.S. Pat. No. 6,141,096 specification [the patent reference 2] U.S. Pat. No. 6,096,273 
specification [the patent reference 3] U.S. Pat. No. 6,090,933 specification [the patent reference 4] U.S. Pat. 
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No. 6,043,031 specification [nonpatent literature 1] Anal.Chem, Vol.70, pp.4670-4677, 1998 [nonpatent 
literature 2] J. Am.Chem.Soc, Vol.1 19, pp.9861 -9870, 1997[nonpatent literature 3] Analytica Chimica Acta, 
Vol.286, pp.219-224, 1994 [nonpatent literature 4] Bioconjugate Chem, Vol.8, pp.906-913, 1997 [nonpatent 
literature 5] Anal.Chem, Vol.70, pp. 1288-1 296, 1998 [nonpatent literature 6] Anal.Chem, Vol.69, pp.4540- 
4546, 1997[nonpatent literature 7] Science, Vol.288, pp.3 16-3 18, 2000[nonpatent literature 8] 
Proc.Natl.Acad.Sci.USA, 98, 1560, 2001 [0008] 

[Problem(s) to be Solved by the Invention] Therefore, separate label attachment like a fluorescent material 
of the purpose of this invention is unnecessary, and it is offering the joint detection approach of a new probe 
and a target acquired considering a detection result as an electric signal. 

[0009] Moreover, other purposes of this invention are offering the new shearing stress measurement sensor 

which can be used for the joint detection approach of a probe and a target. 

[0010] 

[Means for Solving the Problem] It is this invention in order to attain the purpose of this invention (a). The 
phase of making a probe adhering to the front face of a sensor substrate, (b) The front face of said sensor 
substrate, and the phase which supplies the sample which contains a target in the sample substrate which 
counters parallel, (c) The phase of adjusting spacing of said sensor substrate and said sample substrate 
according to the magnitude of said probe target complex, (d) Phase of making the probe adhering to said 
sensor substrate reacting with the target contained in said sample (e) The joint detection approach between 
complementary molecules including the phase which measures change of the shearing stress of the front 
face of said sensor substrate before and behind said reaction is offered. 

[001 1] In the approach of this invention, although measurement of shearing stress can use any well-known 
shearing stress measuring methods, it is using the approach of measuring the phase change of vibrational 
motion, and force change by the approach of this invention. 

[0012] In the approach of this invention, the approach of measuring shearing stress is already learned well 
(J. Van Alsten, and S.Granick, Rev.Sci.Inst, 62, 463, 1991). If this approach is summarized, a signal input 
part will be vibrated with a sign curve, and the phase change of vibrational motion and force change will be 
measured in a signal output part. These change is greatly influenced according to viscosity, structure, etc. of 
the matter which are being fixed to the sensor front face. When the matter is an elastic solid, shearing stress 
is proportional to a strain by Hooke's law, and when it is a liquid, shearing stress is proportional to the rate 
of shearing with the principle of Newton. However, when it is a viscoelasticity liquid, they are collectively 
applied by two principles. An elastic shear multiplier is the elastic component of shearing stress, and is the 
component of deformation and an inphase. On the other hand, a viscous shear multiplier is the viscous 
component of shearing stress, and is a component proportional to the rate of shearing, i.e., the reduction of 
area of a film. 

[0013] Since partial viscosity is expressed with the function of the distance in a front face, it cannot 
determine viscosity easily. However, since the viscous component of said shearing stress shows the effective 
viscosity in the semantics of giving resistance to a flow, it is used, defining it as viscous stress / rate of 
effective shearing. Here, the rates of effective shearing are the maximum shear amplitude / film thickness. 
[0014] In the approach of this invention, although spacing of a sensor substrate and a sample substrate can 
be adjusted according to the magnitude of the probe target complex expected, it adjusts in the magnitude of 
the probe target complex determined by measuring change of the repulsive force of the sensor substrate 
which adhered spacing to the probe with slight straitness desirably. 

[0015] In the approach of this invention, although a probe or a target can use any combinable probes 
alternatively, a desirable DNA oligomer and a desirable nucleic acid like c-DNA, an antigen, protein like an 
antibody, cofactor, oligosaccharide, a cell, etc. are included. 

[0016] In order to attain other purposes of this invention, this invention (a) With the signal input part which 
generates vibration (b) With the signal output part delayed in the vibration from said signal input part (c) 
The sensor substrate which connects said signal input part and said signal output part, (d) The front face of 
said sensor substrate, and sample substrate which counters parallel (e) The spacing controller which adjusts 
spacing of said sensor substrate and said sample substrate, (f) The shearing stress measurement sensor 
containing the signal detecting element which measures the phase change of the vibrational motion between 
said signal input parts and said signal output parts and force change is offered. 

[0017] It sets in the sensor of this invention and the signal input part/signal output part which inputs / 
outputs vibration (signal) move by periodic vibration, and if it is a measurable mechanism, any mechanisms 
can use extent of vibration. As for vibrational motion, it is desirable to be induced by the piezo-electric 
effect (electrical potential difference), electrostatic induction (capacity), electromagnetic induction (current), 
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or the thermal-expansion phenomenon (volume). 

[0018] In the shearing stress measurement sensor of this invention, it is desirable to have the gestalt of the 
sensor by which the a large number array is carried out by the sensor substrate which connects a signal input 
part, a signal output part, and these becoming one unit. Such a sensor is efficiently used for the biochip 
made to fix by high density, and deals in many probes. 

[0019] In the shearing stress measurement sensor of this invention, although the spacing controller which 
adjusts spacing of the front face of said sensor substrate, it, and the sample substrate that counters parallel 
can be used with any mechanical contrivance if spacing of a sensor substrate and a sample substrate can be 
adjusted, it is desirable to measure spacing of a sensor substrate and a sample substrate using electrostatic 
capacity. Since this spacing controller changes shearing stress with spacing between said substrate both 
sides, it is most important for it to measure shearing stress according to the magnitude of probe target 
complex. 

[0020] Although any equipments can be used if it sets in the sensor of this invention and a signal detecting 
element can measure the phase change of vibrational motion and force change between a signal input part 
and a signal output part, a lock-in amplifier is desirably used for the equipment and the pan which measure 
an elastic shear multiplier and a viscous shear multiplier. 

[0021] i- j 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail based on the attached 

drawing. 

[0022] Drawing 1 is drawing with which explanation of 1 desirable operation gestalt of this invention is 
presented, and shows the mimetic diagram of the sensor which measures shearing stress using the 
diaphragm of a piezo-electric type. The shearing stress measurement sensor 1 is constituted as follows, the 
support substrate 2 - a diaphragm 3 and 3' - it is confronted each other and attached, and the sensor 
substrate 4 is attached in the edge of the diaphragm 3 and 3' so that the field may become parallel to the 
support substrate 2. The sensor substrate 4 is attached to the support substrate 2 two or more picking, as 
shown in drawing. A diaphragm 3 is used as a signal input part, and, as for diaphragm 3' of another side, 
while supporting the sensor substrate 4 is used as a signal output part. Said diaphragm 3 and 3' (for example, 
piezo-electric bimorph) vibrate according to the piezo-electric effect, and the phase change of the vibrational 
motion and force change are detected by the signal detecting element 5. The front face of the sensor 
substrate 4 adheres to probes, such as DNA alternatively combined with a target, or a protein. The sensor 
substrate 4 and the sample substrate 6 are arranged face to face so that the front face of both substrates may 
become parallel, can make the attitude migration of the support substrate 2 or the sample substrate 6 able to 
carry out perpendicularly with mechanical contrivance (not shown), can adjust spacing of the sensor 
substrate 4 and the sample substrate 6, and can measure this spacing using the electric capacity measuring 
device 7. 

[0023] Drawing 2 is the mimetic diagram ( drawing 2 A) showing how to adhere the probe which is 
different from each other in the shearing stress measurement sensor concerning this invention, and the 
mimetic diagram ( drawing 2 B) showing a mixture-ized reaction with the sample which it is going to 
analyze. First, it dips in the multi-well container 9 into which the probe 8 of the class which is different from 
each other in the shearing stress measurement sensor 1 by which the diaphragm was attached was put, and a 
probe is made to adhere. Next, a sensor 1 is dipped in the single well container 10 into which the target was 
put, and a mixture-ized reaction is made to cause. In addition, the sample substrate 6 is located in the pars 
bas'ilaris ossis occipitalis of said single well container 10. Next, after passing through a washing phase, 
shearing stress measurement is performed within the container currently put into the buffer solution. 
[0024] Drawing 3 is the mimetic diagram showing having arranged two or more sensors of drawing 1 . 
Here, one pair of rods which appear face to face show one sensor component which consisted of substrates 
which connect a signal input part, a signal output part, and these. 

[0025] Drawing 4 is drawing with which explanation of 1 desirable operation gestalt of this invention is 
presented, and is the mimetic diagram of the sensor which measures shearing stress using the diaphragm of 
an electrostatic type, here - shearing stress - measurement ~ a sensor - 1 1 ~ two - a ** - a diaphragm - 
13 13 ■ .. each -- a diaphragm - having adjoined — immobilization - a field -- 12 - 12 -- ' -- said - a 
diaphragm - both ends ~ a part - connecting - a sensor - a substrate - 14 - containing . Among this 
diaphragm 13 and 13*, one diaphragm 13 is used as a signal input part, and diaphragm 13' of another side is 
used as a signal output part. At drawing 4 , the diaphragm 13 of the shearing stress measurement sensor 1 1 
and 13' are not piezo-electric types as shown in drawing 1 , and vibrate according to electrostatic force, and 
this vibration is detected by the signal detecting element (not shown) by measuring the field 12 currently 
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fixed horizontally and an electrostatic-capacity difference with 12'. 

[Spiel Hereafter, this invention is further explained to a detail through an example. These examples are 
not illustrated in order to only make an understanding of this invention easy, and the range of this invention 
is not restricted by these examples. 

Inwdlr^oSwhether the fixed book experiment of a DNA oligomer probe which carried out thiol 
deformation can measure the change before and behind a mixture-ized reaction according to a shearing 
stress difference, the surface force equipment (surface forces apparatus;SFA) changed so that shearing-force 
measurement could be performed was used (S.Science Granick, 1991, 253, 1374 reference). According to 
the general SFA experiment approach, the muscovite was formed in the shape of [ without a level 
difference / smooth ] a sheet (a mica sheet is called hereafter), sputtering of 660A Ag was earned out to the 
one side, Ag side was formed, and radius of curvature R pasted up the mica sheet on the lens 2cm or less 

with adhesives. , . , . , . . , , - .. „, oo 

r0028] Since DNA was fixed to Ag side of a mica sheet, DNA which earned out thiol deformation was 
used The distance between two mica sheet front faces was measured using the multiplex beam interference 
measuring method according to the known approach (J.Phys.Chem.B. Journal of Colloid and Interface 
Science 1973, 44, 2, 259 and 1973, 2000, 104, 7652 reference). In a general SFA expenment, it 
experiments in the mica sheet front face of the upper and lower sides by which Ag sputtering ; was earned 
out to the liquid which turns Ag layer front face outside and is between mica front faces. In this expenment, 
in order to use the combined DNA probe film, it has ananged so that, as for one side, a mica front tace may 
counter Ag layer and another side may counter mutually. 

r00291 Although it jumped by flat contact according to strong Van der Waals force when spacing on Ag 
layer front face and the front face of a mica became 300A, this means that the front face of a mica and Ag 
layer is very clean. When two or more places of the point of contact of Ag layer and a mica were measured, 
the wavelength of structural active jamming was fixed within and without 2-4A. The granularity of Ag layer 
front face was able to measure double-sided relative spacing comparatively conectly, although the inside 
and outside of 15-20Arms were presumed. The refractive index of a DNA solution required at the time of 
thickness calculation was assumed to be 1.46 (Jordan, Frutos, Thiel, 4939 reference [ Corn, / C.E.; A.G.; 
A.T.; R.M.Anal.Chem. / 1997, 69, ]). 

[0030] The oligonucleotide of some following anay numbers 1 of the Iduronate-2-sulphate (IDS) exon gene 
considered to be the cause of a hunter syndrome disease was used for the probe. 
[0031] Anay number: 1 (SH-C6-5' - GTT CTT CTC ATC ATC-3 1 ) 

[0032] It is Research about this oligomer. It purchased by Genetics (Huntsville, AL) and the five pnme end 
was made to transform with an alkane thiol spacer. Molecular weight was M=4651 g/mol. ss-DNA ^ which 
carried out thiol denaturation After contacting Ag layer front face in ImM solution (1MN aH2 P04 P H4.0) 
and making it stick to it for 3 hours, sequential washing was carried out by the buffer solution and deiomzed 
water and it dried by N2 gas. Removed DNA to which it stuck physically, in order to make that of ss-DNA 
probe into the structure prolonged from the front face, ImM mercapto hexanol and (HS-(CH2)60H) were 
made to contact for 10 minutes, and subsequently it washed by deionized water, and dned by N2 gas. 

[0033] [Example 2] . 
In order to conduct the mixture-ized mixture-ized reaction experiment of a probe and complementary rank 
The following array number 2 () complementary to a probe [ 3'-CAA ] 1.5 mMss-DNA solution whichhas 
GAA TAG-5' GAG (it is made to react for 2 hours at TE-IM NaCl buffer (lOmM Tns-HCl, ImM ED FA, 
1M NaCl pH7.6) and 38 degrees C subsequently) TAG 38 degrees C TE-IM It washed one by one by the 
NaCl buffer and deionized water, and was made to dry by N2 gas. 
[0034] Array number: 2 (3' - CAA GAA GAG TAG TAG-5') 

[0035] [Example 3] n l . . , , 

Measurement of the measurement repulsive force of repulsive force was measured using Ihe changed 
surface force equipment (Modified Surface Forces Apparatus, S.Granick, Science, 253, 1374 and 1991, 
J Peachey, J.VanAlsten, and S.Granick, Rev.Sci.Inst, 62 and 463, 1991 reference) which used the principle 
of the sensor shown in drawing 1 . After making the oligomer which carried out thiol denaturation stick to 
Ag layer front face, the repulsive force of the DNA thin film before and behind a mixture-ized reaction was 
me&svirecl 

[0036] It is NaCl between immobilization of ss-DNA probe, or the front face after a mixture-ized reaction. It 
experimented by dropping one drop of 1M solution. Under the present circumstances, the infenor surface of 
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tongue became a pure mica, and the top face turned into a front face which turned into a field to which DNA 
by which Ag layer surface thiol denaturation was carried out was made to fix, or was mixture-ized by this | 
field with the target. 

[0037] DNA did not stick to the mica of not processing [ by which it is electrified underwater ], in the 
control experiment. Therefore, it has the configuration (end-tethered) by which the amount of [ of oligomer ] 
end adhered in the DNA oligomer by which thiol denaturation was carried out, and end constraint was 
carried out, and the mica front face of the opposite side has little nonspecific adsorption. 
[0038] When spacing between both sides is separated 1mm or more, a micropipette is used, and it is 
NaCllM. One drop of solution was dropped, and double-sided spacing was measured using the multiplex 
beam interference measuring method, having applied the fixed force to the spring with which the lower mica 
front face is being fixed, and narrowing double-sided spacing gradually. The given force and the distance 
which moves by the number of strings were compared with the distance which actually moved, and it asked 
for the force distance curve as shown in the above figure of drawing 5 . 

[0039] Drawing 5 is a graph which shows the data measured using the changed surface force equipment (S. 
Granick, Science, 253, 1374 and 1991, J.Peachey, J.VanAlsten, and S.Granick, Rev.Sci.Inst, 62 and 463, 
1991 reference) which used the principle of the sensor shown in drawing 1 . Here, combined with Ag layer 
front face the lobe which carried out thiol denaturation, and it was made to adsorb by the monolayer 
approach, and asked for the repulsive force (above figure) and shearing stress (the following figure) of a 
DNA thin film before and behind a complementary base pair and a mixture-ized reaction. Square (**):1 .0M 
ss-DNA; triangle [ in aNaCl solution ] (**): - 1.0M after the ss-DNA; circular (-):mixture-ized reaction in 
l.OMNaCl solution after mercapto hexanol addition of an excess amount ds-DNA in a NaCl solution, the 
elastic shearing-force constant g which shows spacing between a Y-axis and both sides for the repulsive 
force (F/R) standardized with radius of curvature R in the above figure by the X-axis, sets a left-hand side 
Y-axis as shearing stress, i.e., elastic shear multiplier, G' at the following figure, and has not been 
standardized with an effective interfacial area -- ' -- a right-hand side Y-axis - carrying out ~ spacing 
between both sides - the X-axis - carrying out - half— a logarithm - the scale showed. The ratio of the 
shearing stress G' perpendicular pressure PN was shown in drawing 5 . In addition, shearing stress was 
measured by 1.3Hz and the effective interfacial area was calculated using the langue BAIN approximate 
expression (Aeff - 2piRD). 

[0040] ss-DNA used for reference at the experiment The die length of 77 A and ds-DNA is predicted to be 
63 A for the die length of 15mer. ss-DNA probe which has the thiol end before processing by the mercapto 
hexanol as the square notation showed to the above figure of drawing 5 is 1 .0M. When contained in a NaCl 
solution, repulsive force began from about 43**2A, and has measured the **** thickness which is not 
compressed any more in 26**2A. 

[0041] The **** thickness which it becomes the structure to which the DNA probe extended more, and the 
thickness from which repulsive force begins begins from about 80**2A thicker than the case where only ss- 
DNA probe exists, on it, and is not compressed any more on it when it processes by the mercapto hexanol 
on the front face to which ss-probe was made to stick (triangle) was 28**2A. 

[0042] Repulsive force began from about 72**2A after the mixture-ized reaction, it increased to 41**2A in 
monotone, and it jumped to 30**2A suddenly by 41**2A. Comparatively hard ds-DNA cannot bear this at a 
too heavy perpendicular pressure, but it is thought that the tilt angle was changed. Therefore, the magnitude 
of ds-DNA does not have 41**2A, and is about 31 **2A desirably 30**2A. 

[0043] If repulsive force is measured bringing other front faces close to the front face on which the DNA 
probe was fixed so that the above result may show, the generating existence of a mixture-ized reaction 
understands at least the difference of the force. That is, even if it measures only repulsive force correctly, the 
thickness of a single and a duplex muscle and the difference of the force can be checked. However, it is hard 
to measure repulsive force correctly, and the demerit in which the difference of a single and a duplex muscle 
is small compared with shearing stress has it. 
[0044] [Example 4] 

Measurement of shearing stress, next the example which detects a DNA mixture-ized reaction using 
shearing stress are explained. Using the shearing stress measuring device shown in the mimetic diagram of 
drawing 1 , change of the shearing stress of DNA is measured and the existence of the mixture-ized reaction 
of DNA is detected. At the time of an experiment, the shear amplitude was made smaller than 2 A, and it 
experimented in it in the linearity format which does not block a system as much as possible. 
[0045] Movement of diaphragm 3' of the opposite side which performs sign curvilinear mold excitation on 
various frequencies, and functions the diaphragm 3 which functions as a signal input part as a signal output 
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part was detected, elasticity and a viscous response were distinguished, the elastic force or viscous force of a 
sample was measured, and the elastic force in it was shown in the following figure of drawing ^ . It turns out 
that the elastic force after a mixture-ized reaction is notably larger than viscous force. Since the 
reinforcement of mixture-ized DNA is far larger than ss-DNA, this is considered. 

[00461 Moreover, as the insertion Fig. of drawing^ shows, shearing stress is understood that shearing stress 
is far large if it standardizes by the perpendicular pressure PN as G\ Therefore, shearing stress is understood 
that sensibility is high in mixture-ized reaction detection from repulsive force. 

[0047] The experiment of drawing 5 is the result of experimenting having carried out the shear frequency to 
the shear amplitude uniformly, and making gap thickness thin, and drawing 6 is data which were made to fix 
to 3 1**2 A of the dyad magnitude level which obtained spacing between both sides from the experimental 
result of drawing 5 , gave shearing of various frequencies to ss-DNA and a ds-DNA film, and compared the 
elastic shear multiplier (above figure) with the viscous shear multiplier (the following figure). Here, the data 
notation is the same as that of drawing 5 . left-hand side - a Y-axis - effective - elasticity - shear a 
multiplier — G — ' (above figure) ~ effective ~ viscosity ~ shear - a multiplier ~ G ~ " (the following 
figure) - langue - BAIN - an approximate expression ~ using it - having standardized - the force -- it is - 
- right-hand side ~ a Y-axis - an effective interfacial area - standardizing --**** - elasticity (above 
figure) - and - viscosity (the following figure) - shearing force - a constant - g ~ ' ~ g ~ " -- it is - the 
X-axis - a radian shear frequency ~ it is . As illustrated, it turns out that the elasticity and coefficient of 
viscosity of order of a sample after a mixture-ized reaction are larger than ss-DNA before a mixture-ized 
reaction, and the existence of the mixture-ized reaction of DNA can be detected using this. 
[0048] When spacing of the sensor substrate 4 and the sample substrate 6 is 31**2A and drawing 7 spreads 
the shear amplitude of ss-DNA and a ds-DNA film, it is a graph which shows the measured elastic shear 
multiplier (black omission notation) and a viscous shear multiplier (void notation), a data notation -- square 
^ **). _. j om ss-DNA; triangle (**, **): in aNaCl solution - 1.0M after mercapto hexanol addition of 
an excess amount ss-DNA; circular (-, O): in a NaCl solution - 1 .0M after a mixture-ized reaction It is ds- 
DNA in a NaCl solution, and the standardization approach is the same as that of drawing 6 . If the shear 
amplitude is spread, a multiplier will decrease with a certain marginal shear amplitude. However, even if the 
shear amplitude was set to about lOnm and the sample was in nonlinear conditions, the difference of the 
shear multiplier after ss-DNA probe and a mixture-ized reaction was 1 0 or more times. 
[0049] Although experimented above using the target sample in which the array carried out full coincidence, 
even if it uses a sample with mutation, such as single base mutation, it is expected with ss-probe that it is 
practically equal. 

[0050] , . 

[Effect of the Invention] By measuring the shearing stress difference on the front face of a sensor betore ana- 
after the probe on the front face of a sensor combines with a target, when analyzing quality of a living thing, 
such as DNA or a protein, according to the detection approach of this invention, as mentioned above 
Compared with the approach of unlike the detection approach using the existing fluorescent material, 
separate label attachment being unnecessary, and detecting by the electric signal, and measuring refraction 
extent of a cantilever, it is still more sensitive, and expensive equipment like laser becomes unnecessary. 
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ttSG' fcSMYliU *»*ttifi«-C«!PflSL-C^ 

BH&XttiU ***** 4r- Lfc. 0 51:11*// 
SrJ&^G' : SiE£2)PiiroJfc$£^Lfc. 4*5, 
KJ&ftlil- 3Hi-rtlfiU tWIWMli?^ 
(A.ff~2 7tRD) iJBV'TttJIUfc. 
[0040]#^*«fflLfcss-DNA 1 

5me r©SSI47 7A> d s -DN A»**«6 3 A 

SiftSs s-DNAyo-^l- 0M NaCl 
8««fK:£**b6»£\ R»*H*l4 3±2A*»6tt* 
9 , 2 6 ± 2 A-CI4*na±E8S^ia4^fiS^J?^* s afi 

[004 1] s 8 -^n-7**»**fc*Bifc. ^ 

NA7^-^#J:3»K*fc*'* i:,!t9 ' K*** s »*6 
8&?as s s -DNA7'D-7'o*SSt5i^i 9 t>J? 
1,^8 o±2A*»6»*oT*ix»JbflBII*h«V« 

[004 2] »*fl5»&««fcttEJI****' 7 2 ± 2 A 

a»b<**or4 i±2A*-eiimnstii*DL, 41 + 2 

A-C5I^3 0±2AlCi?^>7-Ufc 0 £*ttttt«tt«^ 
d s-DNA-iSiSS4SifflBE^l:»*-fctt-f. 9vH^ 
fc^X^tro-h^x. Lfcri s oT\ ds-DNA 

O*#*»41±2A4^U30±2A, H*b<tt*S> 
31 + 2 At-fcS. 

[0 0 4 3] »±©***»b»*»6J:5»-» DNAT'n 
[0 0 4 4] [*16«4] 

^«j£;&*fflv^DNA^flsRJS«:fciai~5 

[0045] m %x*%k Lxmmi-zMfto® 3 

ftiiiR»S<l:SftfcDNAro&S*« s s-DNAiOitS 



[0 04 6] HsroJfAO* 1 ^^*^^ ^'-^ * 

[0 0 4 7] |H5<D*»tt, •ti-A/»««fc*A>W*** 

■CfooT. El 6 ttPiiBIBOMHtRI 5 

^ 3 1 ± 2 AlC@^$-&T*3#> 

/0 ss-DNA, d.-DNA7^AK«*»»«*° 
& (TH) ^tb$55Ufcx-^'C*feS» rr.t?, -r— ^12 
G' (±H) fc*»tttt*A/W«*G- (TH) 

tftttt (TH) *A,WWj«*b' • g" ♦ x «* 14 

20 -DNAiw-y-**t^-" ! ^^ ~*<zm 

i,>-CDNA©S^l:S)S;w^*^ll3t?#5. 
[0 0 4 8] 07tt, tyt-S«4iWl«6tm 

Rffi^3 l±2At?fo5B#, ss-DNA, ds-DN 
Br«» MWtfcE*) fcttffi*^*?** (6ifc#!E#) 

ta%i-^9 7-c*>s. r-*K*r*H** (■. □) = 

1. OM NiCl8*f®>»-DNA;s*» 
(A, A) : «*©***7'h~**'-' l 'JB* l * fl:> 
1. 0M NaClSW»5S-DNA;RI (•. 

J0 O) : »*ftBOt?»«> 1 • 0 M N a C 1 d S 

-DNAtfoO, aWl^ftttH 6 tB-f*S. ^ 

5. L*»U *A/Wr«**«l OnmttiftotWJiS 
*»JK*#lwfco-Ct s s -DNA^o-^iSsEfcS 

[0 0 4 9] EX±-C(±iE5U/0^^:-S:L7t^-y5' h« 
40 [0 0 5 0] 

50 [Hi] JEm^-f ^'©Ss»i^*ffl l ' N ' t: * A/Bff£;: ^^ Sl|:£ 
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[13 2] Art. »WK*6*A,Kl6****^-»-^ * 
ti-5l*»i:©JRjafcK«S«:a*i-«*ia-Cfc6. '^SJL,,^-.* 

B*«fflUTDNA©aWMkRlSaWI»DNA»il7-r 10 6-KMHS 

[B7] irv^-SS^^S^^^^^^ 3 1 ±2 A 
■CfcSW. ss-DNA, ds-DNA7^MO^ IEM*1 

SEQUENCE LISTING 

<110> Samsung Electronics Co., Ltd. 

<120> Method and sensor for detecting the bind ig of 

biomolecules by shear stress measurement 
<130> 2002P0633 
<140> 
<141> 

<150> KR2001-065484 
<151> 2001-10-23 
<160> 2 

<170> Patentln Ver. 2. 1 
<210> 1 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Primer 
<400> 1 

gttcttctca tcatc 
<210> 2 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 2 15 
caagaagagt agtag 
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